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NEF TIER 3 ELECTRONIC ENGINE 


Engines Introduction 


some of the features of the electronic engine are: 
¢ Bosch electronic fuel injection — common rail 

¢ Selectable power modes 

¢ On board diagnostics 

¢ Electronic throttle control — variable idle 

¢ Larger grid heater —— 
¢ Advanced camshaft design for improved emissions 
¢ Non waste-gate turbocharger 

¢ Upgraded Electronic Diesel Engine Controller 

¢ Redesigned pistons 

¢ Four valves per cylinder 

¢ Parent metal bore engine block 

¢ Integral engine oil cooler 

¢ Integral water pump 


es Be oes 


6|/6/7/|T/| A/E/] DI] J 

| Engine Calibration (Power) 
(D) J=97 KW (130 H.P) 
(E) G=137kW (183.7 H.P) 
(E) D=i45 kW (194.4 H.R) 
(E)} C= 148 kW (198.5 H.P) 
(B) F=157 kW (210.5 H.P) 
(B} D=169kKW (226.6 H.P) 

Compress ion Ratio | 

B = 16.5:1>130 kW (174 H.P)) 

D = 17.5:1 <= 130 kW (174 H.P) 


E =17.5:1 > 190kKW (174 H.P.) 





E= Electronic Injection (Common Rail) 
A= Intercooled 
T= Turbocharged 
67= Total Displacement in Liters/ Cubic |Inches- 6.7 Liters (409 Cubic Inches) 
6= Number of Cylinders | 
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NEF TIER 3 ELECTRONIC ENGINE 
Engine Properties 


4 Cylinder Engines 


F4GE9454H | F4GE9454H | F4GE9454J | F4GE9454J | F4GE9484D | F4GE9484D | F4HE9484A | F4HE9484C 
Bo liaiaas “S602 *J600 *J601 *J601 *J602 * J101 *J101/*J102 
4 Cylinders 


4485 cm? (273.7 cubic inches) 


(100 h.p.) (100 h.p.) (90 h.p.) (90 h.p.) (126 h.p.) (126 h.p.) (141 h.p.) (110 h.p.) 
2000 rpm 2000 rpm 2000 rpm 2000 rpm 2200 rom 2200 rpm 2200 rom 2200 rom 


Direct Injection 
G 


i Rotary Injection pump High pressure Common rail 
EDC/7UC31 


T.C. (Boosted) T.A.A.- (Boosted by Intercooler) 


74 kW 74 kW 66 kW 66 kW 93 kW 93 kW 104 kW 82 kW 





A. Type of engine 

B. Engine model 

C. Number of cylinders 
D. Total displacement 


E. Maximum power currently available 
F. Type of Injection 


G. Injection system 
H. Air supply system 


6 Cylinder Engines 


Bo jeec so feec BFC eED CBD CED 
D> (eee SCA) 
eo 137 kw 148 kW 157kW 145kW 169 kW (226.6 | 97 kW (130.1 
E (183.7h.p.) | (198.5h.p.) | (210.5h.p.) | (194.4 h.p.) | h.p.) 2000 rpm | h.p.) 2200 
2100 rom 2100 rpm 2000 rpm 2000 rpm 


Electronic Direct Injection 


T.A.A. (Turbo Charged, Air to Air Cooling) 





A. Type of engine 

B. Engine model 

C. Number of cylinders 

D. Total displacement 

E. Maximum power currently available 
F. Type of Injection 

G. Injection system 

H. Air supply system 
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Engine Identification Code 


Lo Jie) Le JU4) Ue 





1= Common Rail 4 valve 
2 = Common Rail 2 Valve 
3 = In-Line 4 Valve 

4 = In-Line 2 Valve 

» = Rotary 4 valve 

6 = Rotary 2 Valve 






Emissions level 
D =Tier 2, E=Tier3 





Approved power ratino 


Application 
4 = Agric. mach. — Earthmovina 


Fuel / injection / Induction 
Na ACQYIRRRS 


6 = 6 cylinders 












Engine 
family 
Includes 4 
Cyl & 6 Cyl 
in both 2 


valves & 4 


valves per 





O = Diesel Injection — Nat Aspirated 
) = Diesel Injection — Turbo 

8 = Diesel Injection — Turbo - 
Aftercooler 





Cylinder orientation: 
O = 4 strokes vertical 





cylinder 


Engine crankcase type: Block Type - Bore — No. Valves - Displacement 


A = Non-structural crankcase 102 mm - 4 valves — 3.9 or 5.9 Liter 
B = Non-structural crankcase 102 mm - 2 valves— 3.9 or 5.9 Liter 
Rail fuel C = Structural crankcase 104 mm - 2 valves — 4.5 or 6.8 Liter 


systems 





B = Siructural erankease 102 mm -= 4 valves-—3A9co0r HS liter 
F = Structural crankcase 102 mm - 2 valves— 3.9 or 5.9 Liter 
G = Non-Structural crankcase 104 mm - 2 valves — 4.5 or 6.8 Liter 
H = Non-structural crankcase 104 mm - 4 valves — 4.5 or 6.8 Liter 





Mechanical injection = 2 valves 
Electronic injection = 4 valves 
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General Information: Engine F4 


The F4 family of engine is also Known as a NEF engine. This engine offers high 
ruggedness, power, efficiency, reliability and durability as well as complies with 
emissions standards and the regulations defining permissible noise levels. It 
incorporates an electronically controlled high pressure injection system (common rail); 
cylinder head with four valves per cylinder, intake / exhaust manifolds that improve the 
dynamic flow of air and exhaust gas, and pistons with revised geometry of the 


combustion chamber. 
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Engine Walk Around 


Right side view 
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F4AE0684F ENGINE 


Right side view legend 

Exhaust manifold 

Blow — by filter 

Starter motor 

Crankshaft speed sensor wheel 
Vibration damper 

Automatic belt tensioner 

Oil pressure and temperature sensor 
Alternator 

Turbocharger 
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Top view 
I L M 
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Top view legend 

Blow — by Filter 

. Common Rail overpressure valve 

. Intake Air pressure and temperature sensor 
. Intake manifold 

Flow limiters (1 for each cylinder) — Not used 
Intake Air heater 

. Electro-injectors power connectors 

. Crankshaft sensor 

Coolant temperature sensor 

Oil pressure and temperature sensor 

. Common Rail pressure sensor 


=--rommuowP,r 
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Front view 
A 


ear! 
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NE OAL VIE M ROS Are sensor 
B. 


Thermostat 

Fixed guide pulley 

Alternator 

Water pump 

Automatic belt tensioner 

Poly-V belt driving: water pump, alternator 
Electronic control unit heat exchanger 
Electronic control unit 


ro mmo 
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Left side view 
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Left side view legend 
. Fuel filter support with fuel temperature sensor 
. Fuel heater 
. Electronic control unit with fuel heat exchanger 
. Crankshaft speed sensor wheel 
. Vibration damper 
. Crankshaft sensor 
. Fuel filter 
. Mechanical fuel pump feeding pipe 
Low pressure pipes 
High pressure pump with feed pump 
Camshaft sensor 
High pressure pipe (To Common Rail) 
Common Rail 
Intake manifold with heater and air pressure and temperature sensor 
Common Rail pressure sensor 


OVOZSr-~TONMGOWD>Y 
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Rear view 
A 





Rear view legend 

High pressure pipe feeding electro-injectors 

Fuel discharge pipe from Common Rail overpressure valve 
Fuel drain pipe from electro-injectors 

Blow—by filter 

Engine flywheel 


moO) W > 
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General F4 (4 Cylinder) Engine Features 





i a ae, 


FS} E+E - 








104 mm (4.4 in) 
132 mm (6.2 in) 
4485cm? (273.7 cubic inches) 


74 kW @ 66 kW @ 93 kW @ 104 kW @ 82 kw @ 
Maximum power rating 2000 rpm 2000 rpm 2200 rom 2200 rpm 2200 rpm 
(net power at flywheel 
ISO 14396) 100 hp @ 90 hp @ 126 hp @ 141 hp @ 110 hp @ 
2000 rpm 2000 rpm 2200 rom 2200 rpm 2200 rpm 
400 Nm @ 375 Nm @ 510 Nm @ 608 Nm @ 516 Nm @ 
1250 rom 1250 rom 1250 rom 1600 rom 1400 rom 
295 |b.-ft. @ 2/7 |b.-ft.@ | 376lb.-ft.@ | 448 lb.-ft.@ | 381 lb. - ft.@ 
1250 rom 1250 rom 1250 rom 1600 rom 1400 rom 


No-load idle ee 950 rpm 
0 | Notoadpeakrom fo 2430 rpm 


With 


Boosting (type of Without intercooler HOLSET With intercooler ea5 
turbocharger) HX25 intercooler HOLSET age 
HOLSET HX25 HX27W 














Maximum Torque 
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Zw 
a 
Oz 


J401 / J102 


Lubrication Forced by means of gear pump, pressure relief valve, oil filter. 


F4GE9454H F4GE9454J F4GE9484D FA4HE9484A F4HE9494C 
ENGINE TYPE 
Oil pressure with hot :; 





Oil pressure with hot : ; 
engine: at peak rpm. 3.50 bar (50 psi) 4.0 bar (58 psi) 
By centrifugal pump, regulated by thermostat, heat exchanger, intercooler 
3 Water pump drive. By means of Belt 


Thermostat start of 79 to 83° C (174 to 181° F) 
opening temperature. 


Oil capacity engine 
SUMD. 


Oil capacity engine Refer to Owners Manual 
sump + filter. 


Fuel feed type Rotary Bosch - VE4/ 12 F 


0° £ 0.5" 

0.95 to 1.05 mm (0.0374 to 0.0413 in.) 
No information available 

1-3-4-2 








Refer to Owners Manual 
14 


High Pressure Common Rail, 
EDC/7UC31 


N.A. 


CRIU 2 


1 
| 


15 
16 
17 

8 


1 


250 to 1600 
bar 


3626 to 23206 


1 


Injection pressure 


2 
= 
> 
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General F4 (6 Cylinder) Engine Features 








ENGINE TYPE etal 
NO. 
Cycle 4- Stroke diesel engine 








1 Boosted by intercooler 


Direct 
Number of cylinders 
3 104 mm (4.1 inches) 
4 132 mm (6.2 inches) 
1 








5 6728cm® (410.6 cubic inches) 
es ee ee ee 


Compression ratio 


| 3 
4 
| 5 
6 
Sowar at Hpwheel fSO-18 566) 


. Maximum Torque 





No-load idle 700 rpm 
O | No-load peak rom 
Boosting (type of turbocharger) With intercooler HOLSET HX35 
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nk ENGINE TYPE clit 
= 
Forced by means of gear pump. Oil psi control valve. 


Oil pressure with hot engine: at 
12 ican 3 1.2 bar (17.4 psi) 


Oil pressure with hot engine: at 3.8 bar (55.1 psi) 
peak rpm. 
1g [Water pump drive 


. 83 to98° C 
Thermostat start of opening 79 to 83° C (174 to 181° F) (181 to 208° 
temperature. 
“ Oil capacity 1st filling. No Information Available | No Information Available 








™ Oil capacity engine sump. No Information Available | No Information Available 


Oil capacity engine sump + filter. | 17 litres (18 qt.) 19 litres (20 qt.) 


Feeding Bosch-type injection High pressure Common Rail 





Pump setting No Information Available 
Start of delivery No Information Available 
18 
20 





| 18 | Type of injector CRIN 1 CRIN 2 CRIN 2 


Injection sequence 1 -5 -3 -6 -2 -4 


250-1600 | 250-1400 | 222 - 
1600 

bar bar 

3626 - 3626 - canna 

23206 psi | 20305 psi | *» 


Injection pressure 
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Description of the Main Mechanical Components of the 
Engine 


Crankcase 


1. Block made of cast iron which contains the cylinder bores 
Water Pump 
Camshaft Bushings and tappets 


eile 


Main bearing Housings 

otiffening Soleplate which is installed to the underside of the block to increase 
resistance to mechanical Stress. 

Water/oil heat exchanger 


& OF 


=~ 


The block also contains chambers for circulation of coolant and oil galleries for the 
lubrication circuit feeding the various moving parts. 
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Crankshaft 


The crankshaft is made of steel. The crankshaft is held on seven bearing journals for 
the six cylinder version of the F4 Engine. The journals are induction hardened. 

The crankshaft features a series of internal drillings for lubrication purposes. 

The front of the crankshaft is fitted with an oil pump drive gear, a speed sensor wheel, a 
vibration damper, and the auxiliary equipment driving pulley. The oil pump drive gear 
can be serviced. 

The rear of the crankshaft is fitted with the timing gear and the engine flywheel 
attachment hub. 


The main bearing shells are made of steel with antifriction alloy plating. 

One of the main bearing shells are equipped with shoulders to limit crankshaft end float. 
The timing gear and flywheel hub, Parts (1, 2) are mounted on the rear of the crankshaft 
with an interference fit and cannot be replaced. 


1. Timing gear 
2. Flywheel hub 


3. Oil pump drive gear. 


Note: Timing gear is timed to crankshaft. Damage to gear 
requires crank replacement 





Crankshaft oil seals 
The front and rear oil seals are cassette type, with a radial seal. These oil seal rings 
require special tools for disassembly and assembly as described later in this manual. 
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Connecting rods 


Forged in steel, the connecting rod big ends are made with an oblique angle, with 
separation of rod and cap achieved by means of the innovative fracture splitting system 
rather than the conventional machining procedure. 


The connecting rod big end bearing shells are made of steel plated with an antifriction 
alloy. 





Each connecting rod is marked: 
e On the body and on the cap by a number indicating the match and the cylinder in 
which they are assembled. 
e The rod shank is marked with a letter indicating the weight class of the 
connecting rod installed in production. Three weight classes are used. 
In the event of replacement, the spare parts catalog only provides a single connecting 
rod of intermediate weight compatible with all engines in circulation. In the event of 
single rod replacements, connecting rods that are still in good condition need not be 
replaced, even though they may be of a different weight class. 
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Pistons 





The piston crown for the E series has been changed to increase combustion efficiency 
in order to reach Tier 3 emissions (The above picture is not actual E series piston). It 
features a high turbulence combustion chamber. The underside of the piston crown is 
cooled by engine oil delivered by a spray nozzle installed in the crankcase. 


There are three piston ring grooves; the first is composed of a trapezoidal section 
(keystone shaped) cast iron insert. 


The piston rings have different functions and different geometry. 
1* piston ring with trapezoidal section and ceramic chrome plating. 
2" piston ring with torsional conical rectangular section. 

3" piston ring with double oil wiper with internal spring. 


The piston crown is marked with an arrow showing the direction of assembly inside the 
cylinder bore. The piston must be installed with the arrow facing towards the front of the 
crankcase. 
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Camshaft 


The camshaft is mounted in the crankcase on 5 journals (4 cylinder engine) or 7 
journals (6 cylinder engine). The front and rear bearing housings are equipped with 
steel bushings plated with antifriction material assembled by means of an interference 
fit. The camshaft has two cam lobes for each cylinder which are the following: 

C. Intake valves control 

D. Exhaust valves control 


The camshaft is driven directly by the crankshaft by means of the rear spur tooth gears. 
The engine side of the timing gear is marked with notches, equal to the number of 
cylinders, for activation of the camshaft timing sensor plus one notch to indicate the Top 
Dead Center position (6 + 1). 





i of 


(6 : 
A. Crank Shaft C. Intake Valve D. Exhaust Valve 
Output Gear Lobe Lobe 


Note the camshaft is for a 6 cylinder engine. 








Rev. 8/11/2008 Page 32 of 120 


mo 


NEF TIER 3 ELECTRONIC ENGINE 











EGR Exhaust Gas Recirculation System 


The exhaust gases can be partially conveyed back into the cylinders to lower the 
maximum values of the combustion temperature that are responsible for the production 
of nitrogen oxides (NOx). The exhaust gas recirculation system (EGR) lowers the 
combustion temperature by decreasing the concentration of oxygen in the combustion 
chamber. Therefore, it is an effective system to control the emission of NOx. 


In the TIER 3 version, the profile of the exhaust lobe has been modified in order to allow 
the partial opening of the exhaust valve during the intake cycle. The exhaust gases can 
be partially returned back into the cylinders to lower the maximum combustion 
temperature which is responsible for the production of nitrogen oxides (NOx). 


The exhaust gas recirculation system (EGR) lowers the combustion temperature by 
decreasing the concentration of oxygen in the combustion chamber. This creates an 
effective system to control the emission of NOx. 


The internal EGR system exhaust lobe design is not equipped with any electronically 
controlled elements which makes the system always active. Its configuration does not 
need additional elements such as check valves, piping or heat exchangers. 


SAGIBKAPHEW OP @XAALRAL ENE COV ARAL PRE ALA Id HO COP BAIS SSE Sah Bithout 
EGR. 


With the additional lobe during the intake stroke of a cylinder, this lobe permits a brief 
opening of the exhaust valve. Recirculation is generated in the cylinder during the intake 
stroke due to the greater pressure of exhaust compared to the intake gases. 









A. Crank Shaft C. Intake Valve D. Exhaust Valve 
Output Gear Lobe Lobe 





Note the camshaft is for a 6 cylinder engine. 
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Valve Train 

















1. Rocker Arm 
2. Adjustment Screw 7. Camshaft 
3. PUSH ROD 


4. Valve Spring Retainer (Keepers) 9. Valve Bridge 


Note. The valve bridge is directional. The 
slotted side goes towards exhaust 


). opring Seat 10. Rocker Spindle 
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Cylinder head 


The seats of the following parts are obtained on the cast--iron cylinder head: 
e Inserted valve seats (4) 
e Injectors (6) 
e Thermostat (5) 


Moreover, the following components are inserted on the heads: 


° MRE RHO CAMEL ose lei start air heater (3). 





DETAIL OF CYLINDER HEAD WITH INSERTED VALVE SEATS 
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Valves and valve seats 








1. Intake valve A. Intake side 
2. Exhaust valve S. Exhaust side. 





The valve seats have the following angles: 


45° for the exhaust valves 
e 60° for the intake valves 


The exhaust valves (2) have an identification recess at the center of the valve head. 





This figure shows the oil seals mounted on the valve stems. 
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Valve guides 


The cylinder head does not have valve guide inserts. The valve guide is machined 
directly into the head casting. 


Fm | 
ae 

i t—ntm| | ; 

| 


3. Exhaust Valves 





Valve control bridges 


When installing the cylinder head check the orientation of the valve control bridges. The 
bridges must be located so that the notches (—>) are facing the exhaust manifold. 
NOTE: When remounting the cylinder head, the orientation of valve bridges must be 
observed. 

Jumpers must be positioned with marks (—) towards exhaust manifold. 


Exhaust 
Side 





1. Valve Bridge 2. Push Rods 
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Locating Top Dead Center for 4 Cylinder Engines 


IMPORTANT: Due to the additional lobe for the Internal EGR, each cylinder must 
cylinder must be adjusted by taking it to the TDC. (top dead center) and adjusting the 
clearance of both valves on every cylinder. 








1. ENGINE BLOCK 2. TONE WHEEL 


1. Remove the injector from the number one cylinder. 





2. Rotate engine over using Special Tool 380000988 to bring the number one 
BOSS Rey Srey oRHe ths eAgine Bao" Raw they round be loBss” "OCS are 

3. Put a reference mark on tone wheel (1) and the engine block (2) this is TDC of 
Cylinder 1. 


4. Measure the circumference of the tone wheel and divide by 2. Starting from the 
reference mark on tone wheel; put the other mark of the calculated length on the 
tone wheel. 
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Adjusting Valve Play for a 4 Cylinder Engine 
Note: The firing order for a 4 cylinder engine is (1, 3, 4, 2). 


Note: before making any adjustment on the valve clearance, on the desired cylinder, 
check to see that both valves are loose. If they are not, you are on the wrong cylinder. 


Note: On tier 3 engines, due to the additional lobe for the Internal EGR (Exhaust Gas 
Recirculation), it is not possible to use the valve clearance procedure that requires 
adjusting the valve clearance of all the valves by positioning the crankshaft 2 times only. 
Each cylinder must be checked by taking it to Top Dead Center (TDC) at the end of the 
compression stroke and adjusting the clearance of both valves on the cylinder. 


1. Verify that cylinder 1 is at TDC at the 
end of the compression stroke and 
adjust the valves for (Cylinder 1). 


2. Rotate engine to the next mark and 
adjust valves for (Cylinder 3). 


3. Rotate engine to the next mark and 
adjust the valves for (Cylinder 4). 


* Rotate go the WOR LORS REE AC 13 x 


9. Install Injector number 1. 


Adjust the clearance between rockers 
and valves using set screw wrench 
(1), box Wrench (3), and feeler Gage 
(2). 


Working clearance shall be as 
follows: 
e Intake Valves: 0.20 — 0.30 mm 
(0.008 — 0.012 in) 
e Exhaust Valves: 0.46 — 0.56 
mm (0.18 — 0.222 in) 
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Locating Top Dead Center for 6 Cylinder Engines 


IMPORTANT: Due to the additional lobe for the Internal EGR, each cylinder must 
cylinder must be adjusted by taking it to the TDC. (top dead center) and adjusting the 
clearance of both valves on every cylinder. 











1. ENGINE BLOCK 2. TONE WHEEL 


1. Remove the injector from the number one cylinder. 





2. Rotate engine over using Special Tool 380000988 to bring the number one 
Bose. Hf thay are het roeste the engine sed" now they shouldbe lobss. “CCS 

3. Put a reference mark on tone wheel (1) and the engine block (2) this is TDC of 
Cylinder 1. 


4. Measure the circumference of the tone wheel and divide by 3. Starting from the 
reference mark on tone wheel; put the other two marks of the calculated length 
on the tone wheel. 
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Adjusting Valve Play for a 6 Cylinder Engine 
Note: The firing order for a 6 cylinder engine is (1, 5, 3, 6, 2, 4). 


Note: before making any adjustment on the valve clearance, on the desired cylinder, 
check to see that both valves are loose. If they are not, you are on the wrong cylinder. 


Note: On tier 3 engines, due to the additional lobe for the Internal EGR (Exhaust Gas 
Recirculation), it is not possible to use the valve clearance procedure that requires 
adjusting the valve clearance of all the valves by positioning the crankshaft 2 times only. 
Each cylinder must be checked by taking it to Top Dead Center (TDC) at the end of the 
compression stroke and adjusting the clearance of both valves on the cylinder. 








1. Verify that cylinder 1 is at TDC at the 
end of the compression stroke and 
adjust the valves for (Cylinder 1). 


2. Rotate engine to the next mark and 
adjust valves for (Cylinder 5). 


3. Rotate engine to the next mark and 
adjust the valves for (Cylinder 3). 

4. Rotate engine to the next. mark and 
adjust heValvers tor (cvlin er 6). 


o. Rotate engine to the next mark and 
adjust the valve s for (Cylinder 2). 


6. Rotate engine to the next mark and Adjust the clearance between rockers 

adjust the valve s for (Cylinder 4). and valves using set screw wrench 
(1), box Wrench (3), and feeler Gage 
(2). 





7. Install Injector number 1. 


Working clearance shall be as 


follows: 


e Intake Valves: 0.20 —0.30 mm 
(0.008 — 0.012 in) 
Exhaust Valves: 0.46 — 0.56 
mm (0.18 — 0.222 in) 
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Head machining 


The nominal thickness of the cylinder head is 105 + 0.25 mm and the maximum 
permissible removal of material must not exceed 0.13 mm. 
There is just one thickness of head gasket available as a spare part. 
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Timing gears 


The timing drive is obtained by means of a spur tooth gear fitted on the rear of the 
crankshaft, which meshes with a corresponding spur tooth gear on the camshaft. 
Correct timing is achieved by aligning the (<=) marks punched on the two gears. 
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Engine flywheel 


The flywheel (1) need not be installed in a specific position on the crankshaft, as it is not 
equipped with punch markings, notches, or reference holes for sensors or for timing 
purposes. The flywheel attaching holes (2) are equally spaced so that the flywheel can 
be installed in any different positions. 


Figure 18 Figure 20 





race Sa 


ENGINES: 667TA/EEG — 667TA/EEC ENGINES: 667TA/EBF - 667 TA/EED 


Figure 19 





ENGINES: 56/7 TAVEED — 667 TA/EBD 
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Accessory Equipment Drive 


A Poly-V belt (3) transmits drive from the crankshaft (7) to the water pump (1) and the 
alternator (4). 

The tension of this belt is automatically controlled by the calibrated spring housed in the 
automatic tensioner (5). 

The fixed guide pulleys (2) and (6) ensure an appropriate contact surface area of the 
belt (3) on the pulleys of the alternator and water pump. 


(9) V" belt (8) transmits power from the crankshaft (7) to the air conditioner compressor 





Remove or install the Poly - V belt by loosening tensioner (1) using a suitable wrench 


(2). 
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Lubrication 


The pressurised engine lubrication system is made up of the following components: 
e Gerotor oil pump (5), housed in the front of the crankcase and driven by a spur 
tooth gear fitted on the front of the crankshaft; 
e Water / oil cooler (3), housed in the block, under the oil filter support; 
e OJil pressure control valve (1) incorporated in the filter support; 
e By-pass valve (4) to exclude a clogged oil filter, incorporated in the filter support; 


e Cartridge type oil filter (2). 





GS Pressure olf path 
a Oil return droo—type path 
C> Oil introduction 


Haney 


A. Engine oll sump: 667 TA/EED - 667TA/EBD 
B. Engine oil sump: 667 TA/EEG — 667TA/EEC — 667TA/JEBF - 667TA/EED 
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Engine Oil Cooler 





. Oil Cooler body with filter support 

. Internal gasket 

. Water - oil cooler 

. Gasket between oil cooler and 
cylinder block 

. Oil pressure control valve 


i _ TO _ Oil Filter By - pass valve 





Oll pressure regulation valve By-pass valve 
Figure 24 Figure 25 





YE 


= i 
redieeeeie eee Ty, 





Sy 
107418 ia 
PRINCIPAL DATA FOR OIL PRESSURE Blow-by max: 
REGULATION VALVE SPRING CHECKING 20 em/l' with 0.83 bar pressure and 26.7 C oil 
Pressure regulating calibration at 100_C oil temper-  ‘®™perature. 
ature 


= minimum speed 1.2 bar; 
—- maximum speed 3.8 bar. 


Page 47 of 120 Rev. 8/11/2008 


mea 


NEF TIER 3 ELECTRONIC ENGINE 





Oil pump 





ue - , : , if == ot “@ ~ Hi | 
; y i 7 wie 
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1. Crankshaft with oil pump drive gear 
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Sump (Suspended Oil Pan) 


The steel oil pan (1) is secured to the crankcase by an aluminium plate (3) and a rubber 
gasket (2). 

The “C” section rubber gasket (2), installed on the edge of the oil pan, serves to prevent 
leakage while also reducing the noise level. 

This type of gasket should be replaced only in the event of deterioration or breakage. 

lt need not be replaced at each disassembly-reassembly. 





Page 49 of 120 Rev. 8/11/2008 


mo 


NEF TIER 3 ELECTRONIC ENGINE 








Conventional Sump (Oil Pan) 
The cast iron sump is secured with bolts to the crankcase by means of a thin gasket. 
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Blow-By Recirculation 


The rocker cover has a blow-by pre-separator (1), designed to increase the outlet 
velocity of blow-by oil vapor and also to cause the condensation of a portion of the 
entrained oil. 

Condensed oil then returns to the sump while the residual vapors are collected and 
routed through blow-by filters (3). 

In blow-by filter (3), a portion of the oil vapour condenses and returns to the sump, while 
the remainder is re-circulated to the engine intake side by way of pipeline (2). 





3. Blow-by Filter A Oil Condensate 
2. Recirculation to intake 4. Return to engine B Oil Vapors 


NOTE: it is recommended to replace the Blow-by filters with every engine oil change. 


Crankcase pressure will increase and effect Steering pump operation if filters become 





plugged. Part #2992447 includes 2 filters and a gasket. 
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COOLING 


The engine cooling system is a closed circuit forced circulation type composed of the 
following components: 

e Oil cooler to cool lubricating engine oil (see lubrication); 

e Centrifugal water pump housed at the front of the block; 

e Thermostat controlling coolant circulation. 
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Water pump 


The water pump, installed in a cavity in the front of the block, is driven by a Poly — V 
belt. The water pump is sealed to the block by a rubber ring. 

The almost total absence of external pipes, hoses and hose clamps eliminates the 
number of connections and reduces possible sources of leaks. 

The engine temperature is controlled by a thermostat. 

The coolant (a 50% water and permanent antifreeze solution) also circulates in the oil 
cooler. 





Thermostat 


The thermostat opens at the following temperatures 
EEG, EEC, EBF, EED, EBD = 79 to 83°C (174 to 181°F) 
EDJ = 83 to 98°C (181 to 208°F) 

Stroke = 7.5 mm (0.30 inches) 





Page 53 of 120 Rev. 8/11/2008 


mts 


NEF TIER 3 ELECTRONIC ENGINE 





Turbocharger 


The air intake system consists of a Holset HX3530521 Non waste-gate turbocharger 
and an air to air after cooler. (The picture below is not an actual Tier 3 turbocharger) 


We Exhaust 


Hot intake air 








Example of 
charge air 
cooling 
temperature 





20° C a Intake Air 
68° F Hot il aes 
Cold Compressed 
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High pressure electronic injection system (Common rall 


The injection system is composed of two parts which are the following 

e Electrical 

e Hydraulic 
Extremely high injection pressures are necessary in order to reduce PARTICULATE 
exhaust emissions. 
The common rail system makes it possible to inject fuel at pressures of up to 1600 bar 
(23200 psi), while the injection precision obtained by electronic control of the system 
serves to optimize operation of the engine while limiting emissions and fuel 
consumption. 
For engines more powerful than 152 kW, the CRIN 2 injectors have DLLA nozzles that 
work up to a pressure of 1600 bar, while engines with less power are fitted with CRIN 1 
nozzles which operate at pressures up to 1450 bar. 
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Electrical Components 


The electronic control unit monitors engine control parameters by means of the various 
sensors on the engine. 





Location 


aot aie oressure sensor 


Boost pressure/temperature sensor 
Starter motor 
Camshait timing sensor 





(**) Depending on the application 
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Hydraulic Components — Common Rail System 
This system features a high pressure pump that maintains the fuel supply at a very high 
pressure depending on the speed and load of the engine. The high pressure fuel is 
Stored in a pipeline (the "common rail") that is shared by all electro injectors. There is 
always a supply of fuel available at the electro injector inlet (at the injection pressure 
determined by the ECM). When the solenoid valve of one of the injectors is energized 


by the ECM, fuel arriving directly from the common rail is injected into the corresponding 


cylinder. 


see] Injector Drain 

= ___Backpressure Valve 
: Rail Pressure 
ry Safety Valve 
Inlet / 














f .. 
, Common—.. 















\, Rail Suction 
> ; Prefilter 
Fe Controller. : = 
And Heat ‘ates _ Cie *e Return 
Exchanger EY “es Slam = aa i To Tank 

( Fuel High 

| Filter ; Pressure 

: Se —y 
Riana ok / 
se Low Pressure, (say 
—~ Gear Pump ep ee 


ges High Pressure 





Ga Filter Pressure _ ~) Drain 
Bee: Out To —___ 
[2 Return Pressure Conunon | —-In 
SUCHON Pressure Out To Filter \ bie 
ilter 


In From Controller 
Heat Exchanger 


The fuel system is composed of a low pressure and a high pressure circuit. 
The high pressure circuit is composed of the following pipelines: 

e Pipe connecting the high pressure pump outlet to the common rail; 

e Pipes from the common rail to the electro injectors. 
The low pressure circuit is composed of the following pipelines: 

e Fuel pipe from fuel tank to pre-filter; 

e Pipes supplying the gear type charge feed pump via the control unit heat 

exchanger, the manual priming pump and the pre-filter; 

e Pipes supplying the high pressure pump via the fuel filter. 
The fuel system is completed with a circuit to drain fuel from the common rail and the 
injectors, and a drain for the high pressure pump cooling circuit. 
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Fuel System Diagram General 


- - —-—eo_——- << —— 


| 7 a oe 





Fuel Pressure Maximums: 
ems High Pressure Fuel 1600 bar (2306 psi) 
ammmmme LOW Pressure Fulel 5 bar (fz psi) 
 . Pressure Limiter Return Fuel 2 bar (9 psi) 
ames FUGl lank Fressure/Suction 


1. Fuel Tank 9. Low Pressure Regulator Valve 5 bar (72 psi 
2. Hand Priming Pump (filter head 10. High Pressure Regulator 

3. Pre-filter 11. Radial Piston High Pressure Pump 

4. EDC7UC31 Heat Exchanger 12. Common Rail 

Plate 


13. Injector Solenoids (4 or 6 


14. Common Rail 2 Stage Relief Valve 
1600 bar (23,206 psi 
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Fuel Supply System Diagram F4HE Engines 


Bosch Common Rail Fuel Common Rail 


system Schematic Common Rail 
] Injector Drain 


Pressure Sensor 
| Nc Sct A Ba Backpressure 
gam High Pressure Injectors— Tr | L 2) | valve 
fen Filter Pressure l | 7 
f=) Return Pressure 
Ga Suction Pressure 





Common Rail 
safety Valve 


Low Pressure Gear Pump 


uf Low Pressure 
| |) Regulator (72 PS!) 


a ee ee 
4 






Engine Control Unit 
& Heat Exchanger 


Primer Pump ——)% 
Prefilter —____— 5 =, 


Tank —_ ; 





~ High Pressure Pump 


High Pressure Flow Regulator 





— Filter and Return Manifold 
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Normal Operation: (fuel flow) 


The Low Pressure Pump (5) pulls fuel from the fuel tank (1) through the pre-filter 
(3)/hand priming pump (2) and EDC/UC31 Engine Controller Heat Exchanger to the 
low pressure pump inlet. The low pressure pump sends flow through the Main Filter (8) 
teed off to the Low Pressure Regulator (9) and then through the High Pressure 
Regulator (10) to the High Pressure Pump (11). The high pressure pump sends flow to 
the Common Rail (12), Injectors (13), and the Common Rail 2 Stage Relief Valve (14). 


iS SORES SVANG TPS UMA EMRE UAE eS? BRA EGR NBRESP Us THE LiRTHE? 
Valve (15). This return fuel then combines with any return flow from the Common Rail 2 
otage Relief Valve (14) (should be no flow) and the return flow from the high pressure 
pump (minimal flow) in the Common Return Manifold (16) and returned to the fuel tank. 
The individual components are covered in greater detail in the following pages. 


Control of Common Rail Pressure: (injection pressure) 

The EDC/UC31 controls common rail pressure by pre-determined values for the 
common rail pressure setpoint or the ideal common rail pressure for a given operating 
condition. Common rail pressure setpoint is determined by several input variables to the 
EDC/UC31: engine speed, engine load, throttle position, fuel temperature, air 
temperature, oil temperature, coolant temperature, boost pressure, and oil pressure. 


The fuel pressure sensor is the input signal to the EDC/UC31 to know if the correct 
output signal was sent to the high pressure regulator. 


The EDC/UC31 Engine Controller monitors all of the electrical sensors to determine the 
necessary signal to control the High Pressure Regulator. When the rail pressure is 
lower than required, the controller does not send a signal to the normally open High 
Pressure Regulator Pulse Width Modulated (PWM) Solenoid on the inlet to the high 
pressure pump. This allows for full inlet flow to the high pressure pump. The high 
pressure pump is then able to send full flow to the common rail. With full flow to the 
common rail, the rail pressure increases. Meanwhile, the EDC/7UC31 electrically 
controls the firing order, timing, and duration of the injector pulses by the signals sent to 
each of the injectors. Once the EDC/UC31 senses enough rail pressure for the 
application, the EDC/7UC31 sends power to the PWM solenoid on the High Pressure 
Regulator to limit the inlet flow to the high pressure pump. Since the inlet flow is now 
restricted, the common rail pressure is now maintained at a higher pressure. When the 
rail pressure is higher than required for the application, the EDC/7UC31 sends full power 
to the PWM solenoid to completely close off the inlet to the high pressure pump. This 
allows for the rail pressure to decrease since there is no more flow going into the 
common rail and the injectors continue to fire or remove fuel from the high pressure 
circuit. 


WARNING: Never fill the fuel filters prior to installing the filter. Always use the hand 
pump to prime the fuel system when replacing fuel filters or repairing the fuel system. 
Fuel that is poured directly into the filter, bypasses the filter and can cause damage to 
the fuel system components due to contamination. 
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The low pressure fuel line connectors are of a quick disconnect type. ‘A’ illustrates the 
locked position and ‘B’ illustrates the unlocked 
position. (1) is the U-shaped locking device. 


IMPORTANT: Always make sure the suction 
side lines are seated and locked properly. If 
the lines are loose, air can enter the system 
and result in poor performance of the engine. 





REMEMBER: In the suction side of a circuit, 
air can leak into the system before fluid will 
leak out of the system. 
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Main Mechanical Components of the Fuel Supply System 


Fuel Pre-filter 


The fuel pre-filter assembly, with a water shedding media, features a sensor (4) at the 
bottom of the cartridge (3), responsible for signalling the presence of water in the fuel. 
The filter support incorporates the manual priming pump (5) and a fuel system air bleed 
screw (2). 


Warning 

If the fuel water contamination warning light illuminates, act instantly to remedy the 
cause; the components of the common rail system will be rapidly damaged if the fuel 
contains water or other impurities. 


U4 





JU LIU 
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Fuel filter 


The fuel filter is located on the engine crankcase in the fuel circuit between the gear 
charge feed pump and the high pressure pump. 

The fuel temperature sensor (5) and fuel heater (2) are located on the support 

The heater is activated if the fuel temperature is < = 0° C (32° F) and it continues to 
operate until the fuel reaches + 5° C (41° F). 

Monitoring the fuel temperature, by the EDC/UC31 control unit, enables highly accurate 


calculation of the flow rate of fuel to inject into the cylinders. 


g 4 





1. Fuel filter support A. Outlet connection to high pressure 
DUMP 

2. Fuel heater connector B. Common rail and cylinder head 
injectors) discharge line inlet connection 

3. Electric fuel heater C. Connection to high pressure pump 
discharge line. 


4. Fuel filter D. Inlet connection from feed pump 
5.. Fuel temperature sensor E. Outlet connection to fuel tank 
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Gear Charge Feed Pump 
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Charge Feed Pump 


Normal operating condition 

The charge gear feed pump, installed on the rear of the high pressure pump, draws fuel 
from the tank through the pre-filter and sends it through the main fuel filter to the high 
pressure pump. The feed pump is driven by the high pressure pump shaft. 

In normal operating conditions the flow of fuel in the feed pump enters port (A), flows 
around the outside of the gears and out through port (B). 

















“A 







- eo: 
o 





A. Fuel inlet from tank 1. Pressure safety valve 


B. fuel outlet to filter 2. Priming by-pass valve in closed 
oosition 


Outlet overpressure condition 

Pressure safety valve (1) opens when the pump outlet pressure (B), is excessive due to 
filter restriction or charge pressure regulator malfunction. The pressure of the fuel would 
then overcome the force exerted by spring (1) thereby connecting the pump to the inlet 


by way of passage (2). 
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Fuel System Bleeding 


The by-pass check valve (2) opens when, with the engine stopped, the fuel circuit must 
be filled using the manual priming pump on the pre-filter. Activating the priming pump on 
the pre-filter, the by-pass check valve (2) opens, allowing the fuel to flow out of outlet 


(B). 
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High Pressure Pump 


The high pressure pump has 3 radial plungers driven by the cam gear. The high 
pressure pump does not require timing. The rear of the high pressure pump Is fitted with 
the mechanical gear feed pump, which is driven by the high pressure pump shaft. 
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1. Fuel outlet connection to 5. Fuel drain return connection to filter support 

rail 

2. High pressure pump 6. Gear pump fuel inlet connection from control unit 
heat exchanger 


3. High pressure regulator 7. Fuel outlet connection from mechanical pump to 
filter 

4. Fuel inlet connection from 8. Mechanical gear charge feed pump. 

filter 
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1. By-pass valves on | 4. 5.Bar (72 PSI) Low 7. High Pressure Fuel Delivery 
feed pump Pressure Fuel Regulator Valve to Common Rail 
Valve 


2. Pump Shaft 5. High Pressure Regulator 8. Gear Set 
solenoid Valve 


3. High Pressure 6. Individual High Pressure 9. Mechanical Gear Charge 
Pump Fuel Inlet Plunger (1 of 3) Feed Pump 
From Filter 
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Operating principle 
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1. Outlet for rail delivery line 5. Plunger supply passage 

2. Rail delivery valve 6. Pressure regulator supply passage 
3. High pressure plunger 7. High pressure regulator. 

4. Pump shaft 





Plunger (3) rides on the cam mounted on the pump shaft. 

In the intake phase the plunger is supplied with fuel through the supply passage (5). 
The quantity of fuel to supply to the plunger is determined by pressure regulator (7). The 
pressure regulator controls high pressure pump outlet flow based on a PWM (pulse 
width modulated) command received from the control unit. During the plunger 


GRIST E3F SHU Hels FACARELALOLGA ULRIGSEY foltheRntAAGEIMON Fall 
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The figure (sect c-c), shows the low pressure fuel passages inside the pump; the figure 
shows the main plungers supply passage (4), the individual plunger supply passages (1, 
3, & 6), the passages utilized for lubrication of the pump (2), the high pressure regulator 
(5), the 5 bar (72 psi) pressure regulator valve (8) and the fuel discharge passage (7). 
The pump shaft is lubricated by fuel through delivery and return passages (2). 

The high pressure regulator (5) determines the quantity of fuel which the high pressure 
plungers deliver to the common rail; excess fuel flows out through passage (9). 

The 5 bar (72 psi) regulator valve, apart from functioning as a manifold for fuel 


discharges, is designed to maintain a constant pressure of 5 bar (72 psi) at the high 
pressure regulator inlet. 





SECT. C - 


1, 3, 6. Inlet to high pressure plungers 


4. WaliAPo I PIYers 0 BAISSEgSSage 

»). High pressure regulator valve 

7. Charge pressure regulator drain passage 

8. Supply pressure 5 bar (72 psi) regulator valve 

9. Fuel Discharge from high pressure regulator valve inlet 
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The figure (sect A-A), shows the high pressure flow of fuel through the plunger outlet 
passages. 





4. FuBLEL Ret RRA BEReS {with connection for high pressure line to common rail. 
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High Pressure Regulator 


The high regulator is located at the inlet to the high pressure pump and controls the 
output flow of the high pressure pump in order to regulate the pressure of the fuel stored 
in the common rail, based upon instructions from the EDC7UC31. 


The regulator is basically composed of the following parts: 


e¢ poppet 
s goregdsantral) g 
e coll 


In the absence of a control signal, the pressure regulator is normally open so the high 
pressure pump operates at maximum flow. 

The engine control unit transmits a PWM (pulse width modulated) signal to the regulator 
to vary the outlet flow of the high pressure pump. 

This component cannot be replaced independently and therefore must not be 
disassembled. _— 





1. Electrical connector 
2. Fuel outlet 


3. Fuel inlet 





Supply pressure regulator valve 

Installed in parallel to the high pressure control valve, this low pressure regulator serves 
to maintain constant fuel pressure at the inlet to the high pressure regulator, this being a 
necessary for correct operation of the system. 


When the high pressure control valve is partially closed at the fuel outlet by the PWM 
control signal, the pressure at the inlet tends to rise. 


When pressure at the regulator inlet exceeds (5 bar / 72 PSI) it overcomes the 
resistance offered by the spring and travels upwards thereby allowing inlet flow to dump 
in the return line. The fuel is therefore able to flow to the drain side thus reducing the 
pressure at the regulator inlet so the cylinder tends to return to its closed position. In 
Bringer aeeuines Se Orr SBR Benes coetoe tee ah onsen or ‘pressure of 
BR har at tha ranitilatar inlat 
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High pressure control valve and 5 bar (72 psi) regulator valve with 
engine at maximum load 
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6. Fuel inlet (from filter 


7. Fuel return from high pressure pumr 
3. Preload sprinc 8. Cylinder for opening discharge port 


4. Poppet 9. Fuel discharge 


5. High pressure pump feed 10. Fuel delivery to Common Rail 





When the regulator coil (1) is not energized, the core (2) will be in its rest position due to 
the preload spring (3). Poppet (4) will be in the maximum delivery position. At this time, 
the regulator feeds the high pressure pump with the maximum available fuel flow rate. 
The cylinder (8) controlling opening and closing of the 5 bar pressure limiter discharge 
passage is in its closed position. Clearance between the internal parts is such as to 
allow a minimum flow of fuel towards the outlet passage in order to lubricate the pump. 
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High pressure control valve and 5 bar (72 psi) regulator valve with 


engine at low load 
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/3.Preloadspring | 8. Cylinder for opening discharge port 
4.Poppt 9 Fueldischarge, 


3. Preload sprinc 
4. Poppet 





When the engine is at low load, the EDC drives the high pressure regulator with a pulse 

width modulation (PWM) signal to energise the regulator coil and hence displace the 

coil core (2). In its movement, the core causes poppet (4) to assume the maximum 
closed position thus allowing the minimum flow of fuel to the high pressure pump. 

The high pressure regulator is in its maximum closure position because the common rail 
must be maintained at a relatively low pressure (350 - 400 bar). Cylinder (8) of the 5 bar 
limiter valve, responsible for controlling opening and closing of the discharge port, will 
be in its max opening position to allow excess fuel to flow through discharge outlet (9). 
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Common Rail (Pressure accumulator) 





Common rail pressure sensor 


The common rail is a high pressure fuel storage device. It has a small volume to allow 
rapid pressurization at the time of engine starting, engine slow idling, and in the case of 
high flow rates. 

The volume is, however, sufficient to minimize the bellows effect caused by opening 
and closing of the injectors and operation of the high pressure pump. This function is 
further aided by a calibrated orifice between the high pressure pump and the common 
rail. 

The high pressure fuel pressure sensor (1) is screwed to the end of the common rail. 
The common rail pressure sensor sends a feedback signal to the electronic control unit 
so that the control unit can regulate the fuel delivery of the high pressure pump. The 
high pressure regulator valve in the high pressure pump controls the output flow. The 
rail pressure is modulated between 250 and 1600 bar by the electronic control unit, 
through the high pressure regulator solenoid valve. 
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Common rail pressure relief valve 


This strictly mechanical valve is a dual-stage relief valve installed at one end of the 
common rail. It protects the system components from failure of the rail pressure sensor 
or of the high pressure Bosch CP3 pump pressure regulator. 

If the common rail fuel pressure increases to 1/50 bar (25400 psi) the dual stage relief 
valve opens. Once the opening pressure has been reached, the dual stage relief valve 
limits the rail fuel pressure to about 800 bars (11600 psi). The dual stage relief valve will 


qulapadcae asst WAGE PARP IAPS CE VERY ONT LH RES EOMFIRG FRODERS HERS, 
This valve enables the engine to work at a limited performance for extended periods of 
time and avoid excessive fuel overheating thus safeguarding the system. 

When the dual stage relief valve opening pressure is reached, the control unit stops the 
operation of the pressure regulator. The high pressure pump will then operate at 
maximum delivery to the rail, and failure code 3104 (E Series), 8.4 (D series) will be 
stored. 
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|. Body 2. Small piston 3. Stop 4. Sprng 3. Direct tank discharge 6. Seat on rail 
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Electro Injector 


The injector is similar in construction to conventional injectors, except for the absence of 
the needle return springs. 
The electro-injector can be considered in terms of two basic parts: 
e Actuator — spray nozzle composed of pressure rod (1), needle plunger (2) and 
nozzle (3); 
e Control solenoid valve composed of coil (4) and pilot valve (5). 


The solenoid valve controls lift of the jet needle. 
Injector in rest position 
12 - 


High pressure 
fuel inlet 
4. 
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Injection Start 

When coil (4) is energized, it causes an upward movement of ball shutter (6). The fuel 
of control volume (9) flows towards the fuel control drain passage (11) causing a 
pressure drop in control volume (9). At the same time the fuel pressure in pressure 
chamber (8) causes lifting of needle (2), causing injection of fuel into the cylinder. 


INJECTOR 12 
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5. Pilot valve 9. Control volume 
2. Needle plunger 6. Ball Shutter 10. Supply control line 
7. Control area 11. Control fuel outlet 


8. Pressure chamber 12. Electrical connection 
Note: the injector can not be overhauled 





Injection end 
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The NEF Tier Ill engines use Bosch CRIN 2 electro-injectors. The injection jets used are 
according to power developed by the engine. 











KW / H.P. Minimal operating | Nominal 
pressure operating 


Oliv iis 
CRIN 2 DLLA | Above 152kW (204 250 bar (3626 psi.) | 1600 bar (23206 
h.p. OSI. 
CRIN 2 DSLA_ | Below 152kW (204 290 bar (3626 psi.) | 1450 bar (21030 
h.p. OSI. 
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Fuel High Pressure Connector 
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1. Fuel high pressure connector 3. Locating ball 
4. Locating ball seat on cylinder head. 


The fuel high pressure connector must be replaced each time it is disassembled. 
During reassembly, lubricate O-ring (2) with Vaseline and install the fuel high pressure 
connector (1) onto the head, ensuring that the locating ball (3) is aligned with the 
corresponding seat (4) in the head. 


Note: The injector and fuel high pressure connector must be first installed in the head 
and alternately tightened to the prescribed torque. 


Fuel Return Pressure Regulator Valve 
The fuel return pressure regulator valve is installed at the rear of the cylinder head, 
regulates the pressure of drain fuel returning from the injectors to a pressure of between 


forhBifon PBidd YnjettoPSlis BV GUSH CHORIN IHY TUES BHAPIAS 'BAd CeMbUofHe! vapor 


Important: use a proper torque wrench with a Crow's Foot to torque the fuel return 
pressure regulator valve. 
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A. To tank B. From electro-injectors 
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EDC/UC31 System Main Electrical and Electronic 
Components 
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Location 


Description 


C 


= iectoor | 
Common Rail pressure sensor 


Boost pressure/temperature sensor 


Pa 

Starter motor 

/6 __| Camshaft timing sensor 
High pressure regulator solenoid valve 

/8 _| Fuel temperature sensor 

-9 | EDC7UC31 electronic control unit 

432 | Intakes Ore =-DO dit pNeal€lLl Ono 
(*) Depending on the application 








Page 81 of 120 Rev. 8/11/2008 


Te uP 


NEF TIER 3 ELECTRONIC ENGINE 








EDC/UC31 Electronic Engine Control Unit 


The engine is fully controlled by the electronic engine control module, which is 
assembled directly to the engine. It has a heat exchanger base for cooling as well as 
rubber buffers to reduce vibrations from the engine. 


Note: the EDC/7UC31 engine control unit is for Tier 3 engines and EDC/ engine 
control unit (not shown) is for Tier 2 engines. The connectors are similar; 


howev ql they have different wir} n . Swapping a Tier 2 controller for a Tier 3 
ontroller wil cause controller lage. 
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A. Injectors connector 


B. Connector for &gwer input and functions provided for in the application 
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Connector Pin Out 
fc) _ __(A)_ 
a i HL oe ; 
foN ° a ry 
J 0) = : = = \ 2 J 
@) i= =) PSG) 
(B) Hoc _ 
i (5) 
(6) 
ECU (Power) 


Below) 


A. Connector A (Injectors) EDC 7UC31 
B. Connector B (Not shown See not 





5. Camshaft Speed Sensor 
6. Oil Pressure and Temperature Sensor 
C (Sensors) EDC7UC31 ECU (Signal) 7. Fuel Temperature Sensor 
1. Injectors for Cylinders 1-2 8. Coolant Temperature Sensor 
2. Injectors for Cylinders 3-4 9. Boost Air Temperature and pressure 
Sensor 
3. Injectors for Cylinders 5-6 10. Common Rail Pressure Sensor 
4. Crankshaft Speed Sensor 11. High Pressure Fuel Regulator Sensor 
NOTE: Connector B is not shown because it is specific to the machine application see 
the particular machine Schematic 
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Connector (A) - Injectors 





Wire inout side view 


EDC7UC31 
ECUPIN. |WIRE COLOR FUNCTION 


Cylinder 5 injector 
pT tinder 6 injector 
Ps Cylinder 4 injector 
_ C linder 1 in lector 

5B Cylinder Sinjector 
6 | Cylinder 2 injector 
To Not Used 
Bo Not Used 
QoQ | ~~ [High pressure regulator with fuel metering 
10 | ~~~ [High pressure regulator with fuel metering 
M4 Cylinder 2 injector 

12. | Cylinder 3injector 
130 | Cylinder tinjector 
140 | Cylinder 4 injector 
15 | Cylinder injector 
4g | inde Siniector 
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sensors connector (C) 


8169 IS 22 


6 
— Wane, 
._ {Ec og 





JOOOU008 
CI | AQOOOO0D) 


| 3 23 30 36 29 


EDC/UC3"1 
ECU PIN WIRE COLOR | FUNCTION 
Camshaft speed sensor - Signal 

Camshaft speed sensor - Ground 

Common rail temperature and pressure sensor - Ground 
Common rail temperature and pressure sensor - 
Positive 5 Volts 


Common rail temperature and pressure sensor - Signal 
Coolant temperature sensor - Signal 


Fuel temperature sensor - Signal 
Crankshaft soeed sensor - Ground 
Crankshaft speed sensor - Signal 


| | Engine oil pressure and temperature sensor - Ground 


— 
© 


— | ox Jo — | —. 
CO; Oj GOT NM 


Boost pressure intake pressure sensor - Ground 
Coolant temperature sensor - Ground 

Engine oil pressure sensor - Signal 

Engine oil temperature sensor- Signal 

Engine oil pressure and temperature sensor - Positive 5 
Volts 

Boost intake pressure sensor - Positive 

Boost intake pressure sensor - Signal 

Fuel temperature sensor - Signal 

Boost intake temperature sensor - Signal 


— 
CO 


23. 
24. 
20. 
26. 
21. 
28. 
32. 
33. 
34. 
35. 
36. 
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EDC /UC31 Engine Electronic Control Parameters 


Engine pre-heating and post-heating element control 
Pre-post heating is activated when even just one of the water, air or fuel temperature 
sensors detects a temperature < = 5 °C / 41 °F. 


Phase recognition / Rotation position for timing 
Camshaft and crankshaft sensors provide crank position and rpm information so that 
injection timing and duration can be controlled. 


Injection control 

Based upon information transmitted by the sensors, the electronic control unit controls 
the common rail fuel pressure, activates the injectors to control the beginning of 
injection and the amount of fuel injected to each cylinder. On Family 3 and 4 engines, at 
all engine speeds, a small amount of fuel is pre-injected at about 25 degrees before top 
dead center (BTDC) while the main injection happens closer to top dead center. 


Injection pressure closed loop control 
Based upon the engine load, as determined by processing of data transmitted by the 
various sensors, the engine control unit controls the high pressure fuel regulator to 


maintain injection pressure at constantly optimal values. 


Pilot and main injection advance control 
On the basis of signals transmitted by the various sensors, the control unit determines 
the optimum injection point on the basis of internal mapping. 


Idle speed control 

The control unit processes signals transmitted by the various sensors and adjusts the 
quantity of fuel injected. It also controls the high pressure regulator and modulates 
injection duration of the electro-injectors. 

Within specific limits, the control unit also monitors battery voltage. 


Overheating protection 

If the water temperature reaches 110 °C (230°F), the control unit reduces engine 
performance. 

When the temperature returns below 100 °C (212°F), the engine resumes normal 
operation. 


Maximum engine speed limiting 

Depending on the application, the control unit memory can contain appropriate engine 
speed limits. When the engine speed surpasses these limits the control unit activates 
power reduction strategies by controlling activation time of the electro-injectors. In some 
applications the maximum limiting response consists in stopping the engine. 


Cut Off 

Fuel cut-off in release phases is managed by the EDC/UC31 with the following logical 
interventions: 

- deactivation of the electro-injectors 


- reactivation of electro-injectors immediately prior to arrival at idle soeed 
- control of fuel pressure regulator. 
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Smoke control under acceleration 
With high load demands, in accordance with signals received from the Intake Air 
temperature pressure sensor and the crankshaft sensor, the control unit manages the 
high pressure regulator and controls the activation time of the electro-injectors to 
prevent the emission of smoke from the exhaust. 


After Run 

After the engine is stopped, the control unit microprocessor remains powered to save 
various parameters to the EEPROM memory, including the faults log so they will be 
available the next time the engine is started. Because of this, do not disconnect power 
before turning the key switch off. 


Control of working speed in normal operating conditions 

The controller can establish engine working speed (power — torque) according to load 
(heavy or light) and the system maintaining the engine at these values as load varies. 
The engine always operates with maximum power while the hydraulic power required 
during use is managed by varying the speed of the hydraulic fluid and not its pressure. 
Each time work load varies, the control unit adjusts torque so as to maintain the engine 
in maximum power conditions. If the load causes a reduction in power, the control unit 
increases torque i.e. it increases the amount of fuel injected in order to restore the 
engine to maximum power. If, after setting working speed, the operator does not invoke 
any command within a pre-set time, the system returns to idling. 
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Limp Home Recovery Strategies 


Recovery strategies are characterized by certain differences as application varies, i.e. 
loaders or excavators. 


e Accelerator pedal (in some applications ) When the accelerator signal is not 
available to the control unit for the excavators, it brings the engine to maximum 
power because its movement is hydraulic and the vehicle can therefore be 
controlled in complete safety. In the case of loaders, the system responds by 
setting engine speed to a predetermined speed, approximately % throttle, to 
allow the unit to be moved to a repair location. 


e Control of fuel leaks In the case of fuel supply problems, the system controls 
the engine with suitable constant power values obtained with a low engine speed 
and high torque values in order to inject the maximum quantity of fuel. 


e Control of pressure in the rail When the pressure in the common rail exceeds 
safety values, the rail pressure safety relief valve opens to limit the pressure to a 
constant pressure and the engine reduces power. 


SOHsaiso THE Byeterr! ebrirbistigecasgi ae BNF Mea SmMpNeolentiries hudky peed 
improve interpretation of the signals. 

e Power restrictions as intake air temperature increases When the temperature 
of the intake air rises above 88°C (190°F), power reduction is started. When a 
temperature of 120°C (248°F) is reached, performance is further reduced and is 
comparable to that of the same engine if it were not turbocharged. 


e Reduction of power as engine oil reference temperature increases In normal 
operating conditions, the system monitors the supercharging air, engine oil and 
coolant temperatures. If the temperature of the engine coolant is not available, 
the system takes the temperature of the engine oil as reference and when this 
reaches the threshold of 103°C (217°F), it starts to reduce the power available. 


On reaching 113°C (235°F), power is reduced to 50%. 
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Engine Degradation in CNH Applications - NEF Tier 2 
(Example) 


Flight ECM Failure 

Pee Weirelis Conditions ain ae cals [SSSI Recorder Diagnostic }| Memory 
Loss Reaction Information 

Storage Lame Storage 


Torque 
reduction 
Prater> <11: no 
Torque reductio T1= 106°C reauofion | EDC2BC - 
due to overheat T2= 112 °C 0-50% ‘| Engine Over Yes No No 
protection T intake air > f Temperature 
T1=88°C | eduction 
: e 
es >T2: 50% 
reduction 


Torque reductio 








Torque reductio CAN Bus off or DM1, Engine 
due to CAN timeout on TSC1 reduction | Configuration (if No ON Yes 
failure CAN messages readable) 
Torque reductio Torque DM1, Engine 
dusdriaxgiom see BELOW 1teduster,| Configuration No BLINK Yes 
Reduction at low os Fron s of 
temperature Applied ae. & No No No No 
high idle 
after start 
speed 
; Reduction 
Reduction due to Ses . 
system SeeBELOW | high idle} DM1, Engine No ONorBLINK| Yes 
speed 20%] Configuration 
degradation to 30% 


Degradation Conditions 
Conditions for Fuel Quantity Limitation (Torque Reduction): 





1. Engine speed sensors defective (torque reduction about 50%) 

2. Fuel pressure sensor (torque reduction about 10%) 

3. Fuel pressure monitoring-first step (torque reduction about 10%) 

4. Fuel pressure power stage actuator (torque reduction about 10%) 
5. Monitoring of rail pressure relief valve (torque reduction about 10%) 


Conditions for Max Engine Speed Limitation: 
1. Fuel pressure monitoring-first step 


2. Fuel pressure power stage actuator 
3. Monitoring of rail pressure relief valve 
4. Fuel pressure sensor 

Conditions for Engine Stop: 
1. Fuel pressure monitoring-second step 
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Engine Degradation in CNH - lications - NEF Tier 3 
(Example) 


Cause of Flight ECM Failure 
Conditions Engine Reaction ile Recorder] Diagnostic | Memory 

Torque Loss 
Information | Storage Lamp Storage 


Applied: 
T water > Torque reduction 
T1= 106 °C <T1: no reduction EDC2BC — 
T2= 112°C >11, <1T2: Engine Over 
T intake air > 0-50% linear reduction 
T1= 88°C >T2: 50% reduction 
T2= 120°C 





redu Si ons due 
to overheat 
protection 


Torque 
reduction at 
high altitude 


CAN Bus off Torque reduction 

or timeout on 0 %..25%..50%, 
TSC1 CAN according to different 
messages applications 


Torque 
reduction due 
to CAN failure 


Torque 


Reduction of high idle speed 
T > -15°C: no reduction 
T <-15°C, > -20°C: linear 
reduction 
T <-20°C: 20%..3 


Reduction at 
low 
temperature 
after start 





Conditions for Fuel Quantity Limitation (Torque Reduction): 
1. Ambient pressure sensor defective (torque reduction about 15 %) 


2. Engine speed sensors defective (torque reduction about 15 %) 

3. Fuel pressure monitoring-first step (torque reduction about 15 %) 

4. Fuel pressure power stage actuator (torque reduction about 15 %) 
5. Shut off self test failure (torque reduction about 15 %) 

6. Sensors power supplies defective (torque reduction 15 % to 40%) 
7. Accelerator pedal sensor defective (torque reduction about 15 %) 


8. Starter actuator defective (torque reduction about 15 %) 
Conditions for Max Engine Speed Limitation: 


1. Fuel pressure monitoring-first step 
2. Fuel pressure power stage actuator 


3. Fuel pressure sensor 
Conditions for Engine Stop: 
1. Fuel pressure monitoring-second step 


f) KAAKiItnrinn nF rail KFA RKLTAQ QTE LTC raliaf vahin 


a. WIMETWITIY VELA VIVO TUL! VAIVYe 


3. Internal ECU monitoring defective 
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SENSORS 








Crankshaft speed/timing sensor 

This is an inductive sensor located at the front left hand side of the engine. The 
crankshaft sensor sends signals to the engine controller as the engine rotates. 

The crankshaft sensor is connected to the control unit on pins 19C — 23C. The sensor 
impedance is 900 £2. 





Camshaft speed/timing sensor 

This is an inductive sensor located at the rear left hand side of the engine. The 

camshaft timing sensor sends signals to the engine controller as the engine rotates. The 
signal is utilized by the electronic control unit to control the injection timing. 

Although it is similar to the crankshaft sensor, these two devices are NOT 
interchangeable because of the different external shape. 

The timing sensor is connected to the control unit on pins 9C — 10C. The sensor 
impedance is ~ 900 £2. 





CONNECTOR C WIRING DIAGRAM 


Description PECUpin eee 
Crankshaft sensor Camshaft 
—— 





-$———| Signet 39 ge —— 


| 3 | Shield | | | 
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Boost pressure temperature sensor 
This component incorporates a temperature sensor and a pressure sensor. 
Mounted on the intake manifold, the sensor measures the temperature and boost 
pressure, which serves to make an accurate calculation of the quantity of fuel to be 
injected in each cycle. 
The sensor is connected to the control unit on pins 25C — 33C — 34C — 36C. 
The power supply is 5 volt 
Voltage at the sensor output is proportional to the detected pressure or temperature. 
e Pin 25C — 36C Temperature 
e Pin 33C — 34C Pressure 


Engine oil temperature-pressure sensor 
This component is similar to the intake air temperature-pressure sensor. 
The engine oil temperature-pressure sensor is installed on the engine oil filter support in 
a vertical position. This sensor measures the engine oil temperature and pressure. 
The sensor is connected to the control unit on pins 24C - 32C - 27C - 28C. 
The sensor is supplied with 5 Volts. The pressure signal is transmitted to the EDC 
control unit which, in turn, sends a signal to the instrument panel (gauge + low pressure 
warning light). 
The oil temperature is not displayed on any gauges — this value is used exclusively by 
the control unit. 

e Pin 24C —28C Temperature 

e Pin 32C — 2/C Pressure 


PRESSURE SENSOR 





WIRING DIAGRAM 


a DESCRIPTION ECU PIN 


2. NTC signal (temperature 
So +5 Vpowerinput 82K AC 
4 0 Signal(pressure) 270 AC 
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Common rail fuel high pressure sensor 

Mounted on one end of the common rail, this sensor measures the internal fuel 
pressure and informs the control unit of the value (feedback). 

The injection pressure value is used by the controller to regulate the high pressure 
output flow from the pump and to determine the duration of the electrical injection 
command. 


This sensor is connected to the control unit on pins 12C — 13C— 14C. 


The power supply is 5 Volt. 





Fuel pressure sensor connector 





mF 
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Electro-injectors 


The electro-injectors are effectively N.C. solenoid valves. 
Each injector is connected to the EDC control unit on connector A. 


The resistance impedance of 


CONNECTOR 1 
CONNECTOR 2 
CONNECTOR 3 


= penepenre 









the coil of each injector is 0.56 - 0.57 Q. 


Description 


Cylinder 2 injector 


Cylinder 4 injecter 
Cylinder 1 injector 
Cylinder 4 injector 
Cylinder 4 injector 
Cylinder 3 injector 
Cylinder 3 injector 
Cylinder 6 injector 
Cylinder 6 injector 
Cylinder 5 injector 
Cylinder 5 injector 


= 
| 


== - a 
., 
7% 


- =. a 
NY Co 


— = 















6A 















Rev. 8/11/2008 Page 94 of 120 


NEF TIER 3 ELECTRONIC ENGINE 


Intake air pre-post heater grid plate and relay 
The intake air pre-post heater grid plate is located on the intake manifold. 
The grid plate serves to heat the air in pre / post starting operations. This grid plate is 
powered by a relay on the left hand side of the chassis. 
The grid plate resistance impedance is approximately 0.5 Q. 





A. CONTROL RELAY 


The control relay is connected to the control unit on pins 12B — 75B. 
The relay is tripped when either the water and/or fuel temperature is below 5 °C (41°F). 
The relay resistance impedance is approximately 15 Q. 
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Coolant temperature sensor 

This coolant temperature sensor is a variable resistance sensor able to read the coolant 
temperature and send this information to the control unit. 

The same signal is used by the control unit to drive an instrument panel gauge, if 
present. 


This sensor is connected to the control unit on pins 15C — 26C. 


The resistance of the coolant temperature sensor at 20 °C (68°F) is approximately 2.50 
kQ. 


DESCRIPTION ECU PIN 
COOLANT 
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Fuel temperature sensor 

This sensor is identical to the coolant temperature sensor. 

This sensor measures the fuel temperature so that the controller can precisely inject 
fuel required. 


The fuel temperature sensor is connected to the control unit on pins 35C — 18C. 


O 


The sensor resistance impedance at 20 °C (68 F) is approximately 2.50 k 





1. Fuel temperature sensor 2. Filter heater 


The ECU activates the filter heater relay at fuel temperature < 5 °C (41°F). 


Fuel Temo Sensor Connector 


Ground 


Temperature signal 








ments Page 97 of 120 Rev. 8/11/2008 





NEF TIER 3 ELECTRONIC ENGINE 





High Pressure Pump — Pressure Regulator Solenoid Valve 


A. High pressure pump pressure regulator solenoid valve 





The quantity of fuel supplied to the common rail by the high pressure pump is controlled 
by the high pressure regulator solenoid valve. The high pressure regulator solenoid is 
managed by the EDC/7UC31 control unit. 


Delivery pressure to the rail is regulated between 250 and 1600 bar (8625 and 23200 
psi) by the electronic control unit by controlling the pressure regulator solenoid valve. 


This high pressure regulator is a N.O. (normally open) solenoid valve. 


The solenoid is connected to the control unit on pins 9A — 10A. 


The solenoid valve resistance impedance is approximately 3.2 Q. 
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Special Tools 


380000158. 4... Hetteterienec ees 1 AM dyanametric (torque) screw driver for calibrating injector solenoid valve 
connector check nut (Common Rail). 


cE Et is) ne ee cite ceases .. Pool for removing the crankshaft front seal. 
SBOQOOG BE. cscs teers ariey tients a haes neat Ee ae ee Eee ay wou. lool for removing the crankshalt rear seal. 
REE VRIES 7 nck coeratenc 5 haacaita niece eke caiabamnnnrenaets eis escent eenasecaer tee sesmaentqtacesneqeesespeeeneseeeess IN; CEO BXbracting tool. 
SPUR IL RMP R REA: pl i asa a ot a aaa Goaupler for installing the crankshaft iront seal. 
eee sis ics caer a ad aes anager Coupler for installing the crankshalt rear seal. 

(except engines: 667 TA/EBF - 667 TA’EED). 
SOO wicesscininiesceeciesthints cumeskes Tool for rotating the engine flywheel (except engines 667 TA/EBF - 667 TA’EED). 
TOSS, .cscccasernseres annitancbversebddetacctees ehuedarseenimeabians corewantaateas chs shike nies ssaapbdahecansapbests woes POOH TOr removing injectors 


CNH- EST DIAGNOSTIC TOOL 





BSoekors Figure 1-1 
The EST system allows diagnoses on machines by detecting the operating parameters of electronic control 
components (control units, sensors etc.) and check flow rates, pressures and temperatures. It is also capable of 
reading fault codes on the engine. To help with troubleshooting the engine failure mode. 
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Engines — Tier Il Compliant, Common Rail (New Engine Family NEF) 





Breakout Harnesses | | 


380040185 — Harness Diagnostic/Repair Kit 














= — ——— ES a —— ——— — = 

> SL — = 7 ee ina | 
: . ee a, fy : a 
| r fF 





—_—————— 


380040188 — Electro Injector Test Fixture 
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New Engine Family (NEF) Fuel Supply / Leakage Test Kit — 
380140055 


380140055 was developed to help diagnose the cause of fuel system inlet air leaks, fuel 
system flow restrictions, fuel system supply pressure problems and also leakage at the 
supply tube to the injector interface. 


380100056 380100057 38014005 Kit Contents: 


380100056 - 0 to 100 kPa/0 to 30" HG, 
Oto 200 KPA/O to 30 PSI Gauge and Clear Hose 
Assembly 
Important: 00 NOT instal! this gauge at any 
lacation after ihe gear pump outlet 
on électranic fue! system engines. 


380700058 


3680100057 - 0 to 11 Bar (Oto 160 PSI) Gauge 
and Hose Assembly 


380100058 - Plastic 2000 mi (4.2 pint) Container 
380100059 - External Voss Blocked Connector 
2804100060 380100064 380100062 |290100060 - Internal Voss Coupler Cap 


C3 . } 380100061 - External Cap Fitting (M14 x 1.3 
‘ iT Tube) 


380100062 - Plastic 100 mi (3.4 oz.) Beaker 
Note: a number of engine symptoms require the use of this kit. 





NEF Engines (Mechanical Fuel System) 


The cause of fuel leaks at the advance piston cover on BOSCH VE fuel injection 
pumps. Fuel leakage at this location can be caused by: 
e Fuel Inlet/Return Restriction 
@ 
Air Ingress into the Fuel Supply 
NEF Engines (Electronic Fuel System) 


Diagnose the following fuel system problems on NEF electronically controlled engines: 
e Fuel Inlet/Return Restriction 

Air Ingress into the Fuel Supply 

Fuel Delivery Performance of Gear Supply (lift) pump 

Check Pressure Control of the High Pressure Pump Inlet Regulator 

Check Fuel Supply Pressure to the High Pressure Pump 

Check Fuel Leakage Rate from Electronically Controlled Injectors 

Isolate Cause of Excessive Fuel Leakage from Injectors 

Provide an Alternate Fuel Supply to Diagnose Fuel Inlet Problems 
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New Engine Family (NEF; Family III) —- Mechanical Fuel 
systems 

Introduction 

Test the fuel system as described before removing the fuel injection pump for repair if 
possible. If leakage is too severe to test the system before repair, complete the test 
procedure immediately following the pump repair or replacement. Failure to properly 
test the system may result in repeat pump leakage and failure. 

section 1: Mechanical Fuel System Description 


The fuel injection system consists of: The fuel supply, a mechanically operated lift 
pump, a fuel filter, the injection pump, fuel injectors, and the necessary lines and 
connections. 


Fuel Returm 


J Injectors 





| ———— ee : | . - . 
Fuel (4) Injection __ 
Tank Pump | | 

"eee = & 

res - F © il 

+05 a ( 

wats | 5 ) 3, 

meee ad 

Ke 


Description 


1 Mechanically Operated Lift Pump - This pump supplies fuel to the fuel 
injection pump. It is driven by a lobe on the camshaft. 


Fuel Filter 


So Fuel Injectors 
Injection Pump 
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Section 2: Fuel Leaks at the Advance Piston Cover 


BOSCH VE mechanical fuel injection pumps can develop a fuel leak at the advance 
piston cover. The leak is caused by instability of the advance piston due to: 

e High Fuel Inlet Restriction 

e Aijr Ingress into the Fuel Supply 


The fuel leak typically develops on the back side of the fuel injection pump (between the 
fuel pump and the engine block. 


Important: If possible, test the fuel system as described before removing the BOSCH 
VE fuel injection pump for repair. If leakage is too severe, complete the test procedure 
immediately following the pump repair or replacement. Failure to test the system 

may result in continued pump leakage/failure. 


Testing Specifications and Tips 
e Vacuum between the inlet of the fuel lift bump and the tank should not exceed 
50.8 mm (2 inches) of Hg. 
e Fuel supply pressures between the fuel filter and the inlet to the injection pump 
should be 0.276 to 0.414 bar (4 to 6 psi) with the engine loaded or unloaded. 


© BeRGAHED Rr ieAES WEIS ARSSEMIRGIUM PRS eHUP 24 OOK e9 BabBleM dh DAE. 
should not be seen moving through the fuel system. Very small random bubbles 
are allowable (reference Section 3 for procedure). 
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item VESCriIption 


Advance Piston Location 
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section 3: Fuel Inlet Restriction / Air Entering System 


NEF Mechanical Fuel Systems 
To determine if the low-pressure fuel supply is restricted, or if air is entering the system. 
1. Install 380100056 between the outlet of the fuel filter and the inlet of the BOSCH 
VE fuel injection Pump. 
e This test line contains acompound gauge — 0 to 7/62 mm (0 to 30 inches) of 
Hg Vacuum and 0 to 2.7 bar (0 to 30 psi) positive pressure 
® i test line is constructed of clear tubing to allow observation for air in the 
system 
Operate the engine to purge air from the system which entered during 
gauge installation 


2. When air is no longer visible in the clear test line, measure and record the 
operating pressure, while continually observing for air in the fuel. Fuel Pressure 
Specification between Filter and Injection Pump: 0.276 to 0.414 bar (4 to 6 psi). 
Conditions: 

Pressure at Low idle; apply no load to the engine 

Pressure at High idle; apply no load to the engine 

Pressure at High idle; apply load to the engine using the hydraulics (over 
relief), hydrostatic stall, converter stall, or dynamometer. Load the engine 
to its rated rom. 
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1 380100056 - 0 to 100 kPa/O to 30" HG, 0 to 200 kPA/O to 30 PSI Gauge 
and Clear Hose Assembly 


2 g@sieline constructed with clear tubing to allow observation for air in the 
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3. Ifthe fuel is below 0.276 bar (4 psi) at any time during the tests, check/replace 
the following as needed: 
e Fuel Pre-filter (if equipped). Some applications do not use a fuel pre-filter. 
e Fuel Filter(s) 
e The lines and connections from the fuel lift bump inlet back to the fuel tank, 
checking for damaged lines (kinks create restriction; rub marks may allow air 
to enter) and leakage at the Voss o-ring fittings. 


© THE AMDIGEAB AMER HS fuel tank. Check for cracks, plugging, or contact 
with the bottom/sidewalls of the tank. 

e Check the valve atthe fuel tank outlet (if equipped). Ensure that fuel supplied 
to and from the valve assembly is properly connected. 

e The fuel tank cap. Be sure a vacuum is not being formed in the fuel tank. A 
vacuum at the tank would reduce the fuel supply pressure to the injection fuel 
pump inlet. Vacuum in the fuel tank might not be observable during short-term 
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1 380100056 - 0 to 100 kPa/O to 30" HG, 0 to 200 kPA/O to 30 PSI Gauge 
and Clear Hose Assembly 





Test line constructed with clear tubing to allow observation for air in the 
system. 
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4. \If the fuel pressure is below 0.276 bar (4.0 psi) at any time during the tests, install 
380100056 between the outlet of the fuel tank and the inlet of the fuel lift pump. 


Check the following: 


e Continuous air bubbles 
Vacuum between the inlet of the low pressure pump and the tank should not 


exceed 50.8 mm (2 inches) of Hg under full load. If vacuum reading exceeds 


PAB mm (2 inches) of Hg, inspect fuels lines for plugging or debris in the fuel 
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5. Supply fuel from an alternate fuel source (a separate container, 380100058), 
located not more than 1m (3.3 ft.) below the engine with a known good supply 


line. This bypasses: 

e The Fuel Tank, Inlet Lines and Connections, and Pre-Filter (if equipped) 
Re-run the filter outlet pressure test. If pressures return to normal, check the fuel 
supply line and the tank of the vehicle for leaks or restrictions. 
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Description 


380100056 - 0 to 100 kPa/0 to 30" HG, 0 to 200 kPA/O to 30 PSI 
Gauge and Clear Hose Assembly 


2 380100058 - Plastic 2000 ml (4.2 pint) Container located not more 
than 1m (3.3 ft.) below the engine with a Known good supply line. 
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New Engine Family (NEF; Family Ill) — Electronic Fuel 
systems 


Introduction 

CNH Electronic fuel systems all contain the same basic components but are built in 
many configurations. The following procedures include separate diagrams (where 
appropriate) for: 


AGS EHIBITAl Equipment Applications - Dual Primary/Secondary Fuel Filter 


e Construction Equipment Applications - Single Primary and Single Secondary 
Fuel Filters 
O-rings and connections can be suspect for air ingress. Kinked lines and contamination 
can be the cause of excessive restriction. 


Fuel Filter Assembly Port Identification 
fo Sy (3) ( 4) 





a ot 


| | ie 1 4 
a [3 Ea _ (3) 


ltem Description 
Fuel Inlet Port 


Hand Primer Pump 
Outlet from Primary Fuel Filter to Gear Pump Inlet (operates under 
vacuum 


Return Fitting for Cylinder Head (Injector and Connector) and Common 


Rail Relief Valve Return 


Fuel Return to Fuel Tank 
6 Outlet from Secondary Fuel Filter (operates under pressure) 
9 


Inlet to Secondary Fuel Filter from Gear Pump Outlet (operates under 
gear pump outlet pressure) 


Fuel Temperature Sensor Location 


secondary Fuel Filter (operates under pressure) 


Primary Fuel Filter (operates under vacuum) 
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section 4: Electronic Fuel System Description 


The fuel injection system consists of: 

The fuel supply, a pre-filter (if equipped), the Engine Control Unit (ECU), a low pressure 
fuel pump, fuel filter(s), a high pressure fuel pump, a high pressure flow regulator, a 
common fuel rail, a fuel rail pressure sensor, fuel pressure relief valve, fuel injectors, the 
necessary lines and connections. 


a Specifications and Tips Le adeg both Figure A or Figure B) 
e Vacuum between the inlet of the low pressure pump and the tank should not 


exceed12/ mm (5 inches) of Hg. 

e Fuel supply pressures between the fuel filter and the inlet to the high pressure 
pump should be 5 bar (72 psi) minimum with the engine loaded or unloaded. 
Run multiple tests while observing fuel pressure and looking for air in the fuel. 
Perform a .wiggle test. on each fuel line. A steady stream of bubbles or foam 
should not be seen moving through the fuel system. Very small random bubbles 
are allowable. 


Figure A: System Diagram — Agricultural Applications 


echo rs i 
Note: See next - : a : 2) 
page for CE a | 
system Diagram. : ie 


a» EE 
Cw 7 





i 




















Fou 
cr 
Seqciment 





rs ‘i r = ‘. al | a =| 
] 2S, PB; ‘ a 4 
Poy | High 7 v 
i *, - he 





bi Fuel i . ‘ Pressure Pump ‘Fuel Filter CMP % \ / f 
IS oi PreFilter *s. oa "A i" ; — = a f 
oe (8) (7) (5) : = * 
Dawe - aa ba - aaa 


Pressure Sensor 


Fuel Injectors 
Pressure Relief Valve 


High Pressure Fuel Pump with High Pressure Flow Regulator 


Fuel Filter with Fuel Return Manifold Connections 


Low Pressure Fuel Pump -This gear pump supplies fuel to the high 
pressure fuel pump. It is driven from the shaft of the high pressure pump 





ECU/Sediment Bowl - Fuel is passed near the ECU for temperature 
control purposes or through a sediment bowl unit for fuel conditioning 
urposes. 
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Figure B: System Diagram — Construction Applications 
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(5) 


Fuel Filter with Fuel Return Manifold Connections 








Low Pressure Fuel Pump -This gear pump supplies fuel to the high 
pressure fuel pump. It is driven from the shaft of the high pressure pump 


Engine Control Unit (ECU) - Fuel is passed near the ECU for temperature 
control purposes. 


Fuel Pre-Filter (Primary Fuel Filter, if Equipped) 
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section 5: Fuel Inlet Restriction / Air Entering System 


NEF Electronic Fuel Systems (reference Figure C or Figure D) 


To determine if the low-pressure fuel supply is restricted, or if air is entering the system. 
1. Install 380100056 at the inlet of the low pressure pump (after the primary filter). 
e This test line contains acompound gauge . 0 to /62 mm (0 to 30 inches) of 
Hg vacuum and 0 to 2.07 bar (0 to 30 psi) positive pressure. This test line is 
constructed with clear tubing to allow observation for air in the system. 
Install 380100057 between the outlet of the fuel filter and the inlet of the high 
pressure pump. 


e This test line contains a pressure gauge . 0 to 11 bar (0 to 160 psi). 
Operate the engine to purge air from the system which entered during 
gauge installation. 


Note: The clear line could be left in place over night to check for a slow air 
ingress leak. 


2. When air is no longer visible in the clear test line, measure and record the 
operating pressure, while continually observing for air in the fuel. Fuel Pressure 
Specification between Filter and High Pressure Pump: 5 bar (72 psi) minimum. 


Conditions: 
Gauge 1 Gauge 2: Low idle; apply no load to the engine. 
Gauge 1 Gauge 2: 1500 RPM; apply no load to the engine. 
Gauge 1 Gauge 2: High idle; apply load to the engine using 


the hydraulics (over relief), hydrostatic stall, converter stall, or dynamometer. 
Load the engine to its rated rom. 


Note: See next page for Fuel Inlet Restriction / Air Entering System diagrams 
related to this testing procedure. 
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Figure C: Fuel Inlet Restriction / Air Entering System — Agricultural Applications 
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380100057 - 0 to 11 Bar (0 to 160 PSI) Gauge and Hose Assembly 





380100056 - 0 to 100 kPa/0 to 30" HG, 0 to 200 kPA/O to 30 PSI Gauge 
Assembl 


Figure D: Fuel Inlet Restriction / Air Entering System — Construction Applications 
Note: See 


oT 


, sie : — a ty or "hy 7 | (rceen l | 
previous page for “A SN FOS. EY 

a r iF ae 4 a 5 f is 3 “in, 5 = = S = _ + a Th i _ = — 
testing procedure. cS ) Sex aoe x orc IL NG 











Engine 
Control 








@ qAUuqGde and mose Assemon 


2 380100056 - 0 to 100 kPa/0 to 30" HG, 0 to 200 kPA/O to 30 PSI Gauge 
Assembl 
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Fuel Inlet Restriction / Air Entering System (Reference Figure E or Figure F) 
3. If the fuel pressure at gauge 1 is below 5 bar (72 psi) at any time during the test, check/ 
replace the following as needed: 

e Fuel Pre-filter (if equipped). Some applications do not use a fuel pre-filter. 

e Primary Fuel Filter 

e The lines and connections from the fuel supply pump inlet back to the fuel tank, 
checking for damaged lines (kinks create restriction; rub marks may allow air to 
enter) and leakage at the Voss o-ring fittings. 

e Fuel tank, clean as required. 

e The fuel pick-up tube in the fuel tank. Check for cracks, plugging, or contact with the 
bottom/sidewalls of the tank. 

e The fuel tank cap. Be sure a vacuum is not being formed in the fuel tank. A vacuum 
at the tank would reduce the fuel supply pressure to the injection fuel pump inlet. 
Vacuum in the fuel tank might not be observable during short-term running. 

e Check the valve atthe fuel tank outlet (if equipped). Ensure that fuel supplied to and 
from the valve assembly is properly connected. 


Figure E: Fuel Inlet Restriction / Air Entering System — Agricultural Applications 
- i iS 
Note: See next o— if F ‘\ 
page for CE ae 
system Diagram. 
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380100057 - 0 to 11 Bar (0 to 160 PSI) Gauge and Hose Assembly 


380100056 - 0 to 100 kPa/0 to 30" HG, 0 to 200 kKPA/O to 30 PSI Gauge 
Assembl 


Primary Filter Outlet to Low Pressure Pump Inlet 
High Pressure Pump Inlet from Fuel Filter Outlet 
{ 





secondary Fuel Filter (pressurized filter) 


secondary Fuel Filter Inlet (pressurized filter) 





Primary Fuel Filter (suction filter) 
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Figure F: Fuel Inlet Restriction / Air Entering System — Construction Applications 
Note: See previous a 
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380100057 - 0 to 11 Bar (0 to 160 PSI) Gauge and Hose Assembly 


380100056 - 0 to 100 kPa/0 to 30" HG, 0 to 200 KPA/O to 30 PSI Gauge 
Assembl 


High Pressure Pump Inlet from Fuel Filter Outlet 


Secondary Fuel Filter Inlet (pressurized filter) 
secondary Fuel Filter (pressurized filter) 
Primary Filter Outlet to Low Pressure Pump Inlet 


Primary Fuel Filter (Suction filter) 
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Section 6: Low Pressure Pump Testing 


NEF Electronic Fuel System (reference Figure G or Figure H) 

1. If the pressure is still low - 5 bar (72 psi) minimum, perform the following tests: 

e Supply fuel from an alternate fuel source (a separate container, 380100058), 
located not more than 1m (3.3 ft.) below the engine with a known good supply 
line. This bypasses: The Fuel Tank, Inlet Lines and Connections, and Pre- 
Filter (if equipped) 

e Connect a pressure gauge assembly (880100057) between the fuel filter 
outlet and the high pressure pump inlet. 

2. The engine should start (at the first or second attempt) and then draw fuel from 
the external container. Check the fuel pressure at 1500 rom. The reading on the 
filter outlet pressure gauge should be higher than 5 bar (72 psi). If the pressure is 
lower than 5 bar (72 psi): 

e Replace the fuel filter(s). 

e Retest. If the pressure is still below 5 bar (72 psi), replace the low pressure 
pump. 

e Retest. If the pressure is still below 5 bar (72 psi), the pressure regulator (part 
of the high pressure pump assembly) could be responsible, replace the high 
pressure pump. 


Figure G: Low Pressure Pump Testing — Agricultural Applications 







Note: See next 
page far CE 
system Diagram. 





380100057 - 0 to 11 Bar (0 to 160 PSI) Gauge and Hose Assembly 


3 380100058 - Plastic 2000 ml (4.2 pint) Container 
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Figure H: Low Pressure Pump Testing — Construction Applications 
Note: See previous 
page for Ag 
system Diagram. 
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Description 


380100057 - 0 to 11 Bar (0 to 160 PSI) Gauge and Hose Assembly 


Low Pressure Pump 


3 380100058 - Plastic 2000 ml (4.2 pint) Container located not more than 
1m (3.3 ft.) below the engine with a known good supply line. 
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section 7: Pressure Relief Valve Testing 


NEF Electronic Fuel Systems 
The Pressure Relief Valve is located at rear end of the fuel rail. This pressure relief 
valve protects the fuel system components from excessive pressure If: 
e The Rail Pressure Sensor fails to signal the correct pressure to the ECU (Engine 
Control Unit). 
e The High Pressure Flow Regulator, located at the pump, allows excessive 
pressure in the high pressure system. 
Note: Fault codes listed apply to CE applications only. 


1. Check the ECU for: 
e Fault codes related to over pressurization of the common rail, reference 
section 8: High Pressure Flow Regulator 
Disconnect the pressure relief valve return line and cap the line with 380100060 
cap. Install 380100057 gauge and hose assembly on the relief valve to direct any 
leakage to container 380100062 if the relief valve is leaking. 


Note: Under normal circumstances, fuel should not come out of the relief valve. 
2. If the diagnostic system does not indicate a fault code and fuel is leaking from the 


pressure relief valve, replace the pressure relief valve. 


Description 
Fuel Rail 





j2 ~~ so Pressure Relief Valve Return Line Voss Coupler (appearance varies) 
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section 8: High Pressure Flow Regulator 


NEF Electronic Fuel Systems 


The High Pressure Flow Regulator is an electrical control located at the inlet of the high 
pressure pump. It regulates the amount of fuel supplied to the high pressure system 
based on control signals received from the ECU (by modulating the pulses sent to the 
internal solenoid). This is used to control the pressure within the fuel rail. 
e The high pressure flow regulator is normally open. 
e The high pressure pump is in maximum delivery mode if no control signal is sent 
by the ECU. 





High Pressure Flow Regulator (Resistance Specification is 3.2 Ohms) 


If the high pressure flow regulator has an open circuit (the flow regulator is 
disconnected, the harness is broken, etc) or a short circuit (resistance value is much 
lower than 3.2 Ohms follow the next steps: 
1. The pump will be in maximum delivery mode and pressure in the rail will exceed 
1700 bar (24,660 psi) for a very short amount of time. 
2. The High pressure relief valve will open. 
3. The ECU sense the over pressure condition and store fault codes in the ECU 
memory. 


4. ShecHeeRenelllefstatte (on the ECU connector pins). The resistance 

specification is approximately 3.2 Ohms 

e When in parameter mode on the Electronic Service Tool, the duty cycle 
reading indicates the position of the regulator. 

Important: When all of the system components have been checked, inspect for 

the following symptoms: 

e The duty cycle tends to fluctuate irregularly and the engine idle speed is 
irregular. 

e The engine stalls when idling and no fault is stored in the ECU. Starting is 
difficult (takes longer than 4 seconds). 

Replace the high pressure flow regulator. 
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section 9: Fuel Injectors 
NEF Electronic Fuel Systems 


Engine load and rpm are controlled by the fuel injectors. The load requested by the 
operator is controlled by the throttle position and converted into a fuel quantity by the 
ECU. The ECU controls the amount/timing of the fuel injection (using current fuel rail 
pressure as a factor). 


Fuel Injector Mechanical Problems 
1. If the engine is difficult to start (excessive cranking time and no fault codes present): 
e Warm engine to 50° C (120° F) minimum. Check for excessive fuel return of the 
cylinder head injectors (with the engine running at low idle (no load - A/C etc.). 


e Complete A and/or B as required. 


Note: Return leakage can be checked at various locations (at the filter base or 
the cylinder head depending on ease of the connection. If excessive leakage is 
found, additional testing will be required to determine the exact location(s) of the 
leakage. Each fuel injector connector and the pressure relief valve could be a 
source of excessive return flow. More than one component could be responsible 
for excessive return. 


A. Disconnect the return line at the fuel filter base and plug (380100059) the filter 
port. Drain the fuel return line at the filter head into a 100 ml (3.4 oz.) cup 


(380100062) and measure the amount of fuel that escapes from the drain line in 
one minute. Leakage should not exceed 80 ml (2.5 oz.) per minute with the 
engine running at low idle. If leakage exceeds 80 ml (2.5 oz.), retest as directed 
in Step B to determine location of leakage. 


B. Disconnect the return line on the engine cylinder head and cap (380100060) the 
line. Connect a drain line (use 380100057 as a drain line) to the fuel return outlet 
on the cylinder head and measure the amount of fuel that escapes from the 
cylinder head port in one minute using a 100 ml (3.4 oz.) cup (380100062). 
Leakage should not exceed 80 ml (2.5 oz.) per minute with the engine running at 
low idle. 
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Item | Description 


1 Return Line at Fuel Filter Base (style varies, disconnect and plug using 
380100059 
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Drain Line (use gauge and hose assembly 00057 as the drain line) Shown 
Connected to Fuel Return Outlet on the Cylinder Head 


100 ml (3.4 oz.) Cup (380100062) 


mcr 
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2. 


If leakage from the cylinder head port exceeds 80 ml (2.5 oz.) per minute with the 
engine running at low idle, check the leakage within each injector. 

Maintain engine temperature, 50° C (120° F) minimum. 

To locate a damaged injector, cap (380100061) each fuel rail outlet location; one 
at a time. Recheck the total leakage. When the return leakage value drops 
significantly with a fuel rail outlet capped, a leaking injector has been identified. 
Replace the damaged injector. Retest total leakage to ensure additional injectors 


Heart FAIA ASFTIHHEMtor between each fuel injector and the associated fuel 


rail line. The torque specification is for the injector connector is 45 - 55 Nm (33 - 
41 lb-ft). Check the fuel injector end of the connector to make sure is not 
deformed. If the injector end of the connector is deformed, replace the injector 
connector. 

If the injector supply tube is not the cause of the leakage, the injector may have 
internal leakage and require replacement. Injectors could leak excessively at 
Operating temperature and perform correctly cold. Test kits 380040185 and 
380040188 can be used to bench test injectors. 

Note: Injectors and injector connectors are replaced as pairs. 


2 Injector Connector - Check the fuel injector end of the connector to make 
sure is not deformed. 


Injector Connector Cylinder Head Location - Torque Specification is 45 - 
55 Nm (33 - 41 Ib-ft) 


Fuel Rail Outlet - Cap (380100061) each fuel rail outlet location; one at a 
time. 


Interface Location Between Injector and Injector Connector 





